1. Introduction
===============

Recently, the prevalence of nonalcoholic fatty liver disease (NAFLD) has continued to increase worldwide, currently affecting 20% to 30% of the adult population, as NAFLD has emerged as a main cause of chronic liver disease.^\[[@R1]\]^ Approximately, 25% to 30% of patients with NAFLD may progress to nonalcoholic steatohepatitis (NASH), which is a progressive liver disease characterized by inflammation and ballooning, and that may further progress to cirrhosis and hepatocellular carcinoma.^\[[@R2]\]^ In addition to advanced liver disease, NAFLD is associated with metabolic diseases including impaired fasting glucose, diabetes, and cardiovascular disease, resulting in decreased overall survival.^\[[@R3],[@R4]\]^ Moreover, NAFLD is also correlated with the development of extra hepatic cancers both of the gastrointestinal tract (esophagus, stomach, pancreas, and colon) and non-intestinal organs (kidney, prostate, and breast).^\[[@R5]\]^

Breast cancer is the most common cancer in women worldwide, and is a main cause of death in women.^\[[@R6]\]^ Fortunately, mortality from breast cancer has been decreasing with time given the advances in screening strategies and adjuvant treatments.^\[[@R7]\]^ It is well known that the incidence of breast cancer is correlated with age and other risk factors such as BRCA1 or BRCA2 mutation, family history of breast cancer, therapeutic radiation to the chest, hormonal factors, breast density, sedentary lifestyle, hyperlipidemia, and obesity in particular.^\[[@R8],[@R9]\]^ Similar to breast cancer, the importance of the association between NAFLD and metabolic syndrome is coming to be recognized as an important aspect of NAFLD development and the risk of cardiovascular disease.^\[[@R10],[@R11]\]^ Based on this shared association with these metabolic components, it is reasonable to hypothesize a potential relationship between NAFLD and breast cancer. Approximately 63% of newly diagnosed breast cancer patients were shown to have NAFLD,^\[[@R12]\]^ and there was a significantly higher prevalence of NAFLD in patients with breast cancer than in healthy controls (45.2% vs 16.4%).^\[[@R13]\]^ However, the exact prevalence of NAFLD in women with breast cancer is still unclear, and the influence of NAFLD on the prognosis of breast cancer has yet to be identified.

Many patients with breast cancer undergo long-term endocrine therapy with tamoxifen and other selective estrogen receptor modulators (SERMs) when the cancer expresses the estrogen receptor (ER).^\[[@R14]\]^ Importantly, endocrine therapy is associated not only with the development of NAFLD but also with the aggravation of pre-existing NAFLD.^\[[@R15]\]^ Endocrine treatment increases the risk of ALT elevation and the development of fatty liver, which are usually reversed upon discontinuation of the drug. Moreover, endocrine treatment-induced fatty liver disease and liver injury may interfere with scheduled anti-estrogen therapy. Therefore, identifying the association between NAFLD and endocrine treatment in breast cancer patients would be important.

In this retrospective cohort study, we analyzed the prevalence of NAFLD in patients with breast cancer in comparison to that in healthy controls. Furthermore, we evaluated the effects of NAFLD in patients with breast cancer on survival and recurrence.

2. Materials and methods
========================

2.1. Patients and diagnosis
---------------------------

In this study, a total of 1949 newly diagnosed breast cancer patients were consecutively enrolled at the Guro Hospital of the Korea University Medical Center between January 2007 and September 2017. Male patients with breast cancer as well as women with concurrent viable tumors, unverifiable steatosis, and those lost to follow-up without evaluation and treatment were excluded from analysis. Patients who had other chronic liver diseases such as chronic viral hepatitis B/C, autoimmune hepatitis, and primary biliary cholangitis, and who reported significant levels of alcohol consumption (140 g/week) were also excluded. All breast cancer patients were diagnosed by pathological confirmation using biopsy tissue or surgical specimens. The stage was determined by the TNM staging system using the AJCC 7th Edition because most patients were diagnosed before 2017 and treated using the AJCC 7th Edition criteria.^\[[@R16]\]^ Significant liver injury was defined as ALT greater than three times the upper limit of normal (ULN), bilirubin greater than three times the ULN, or any hepatic decompensation. In patients with abnormal baseline ALT, significant liver injury was defined as having more than three times the baseline level of ALT. This study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki and was approved by the institutional review board of Korea University Guro hospital (KUGH17210).

2.2. Evaluation of hepatic steatosis
------------------------------------

Hepatic steatosis was evaluated through computed tomography (CT) scan. In our center, all patients with breast cancer underwent an abdominal CT scan for staging work-up; the abdominal CT scan included a non-enhancement phase. We measured the attenuation of the liver and spleen three times, respectively. NAFLD was diagnosed when the mean attenuation of the liver was lower than 40 Hounsfield Units (HU) or 10 HU lower than that of the spleen.^\[[@R17]\]^ Overall, 123 healthy controls who underwent a non-enhanced CT scan were also analyzed.

2.3. Data collection
--------------------

All data were collected retrospectively from medical records. The demographic characteristics that were extracted included age, past medical history of diabetes and hypertension (HTN), alcohol consumption, height, body weight, and laboratory data at time of diagnosis. The treatment modalities that patients received were also obtained, including surgery, radiotherapy, chemotherapy, and endocrine therapy. Recurrences were determined through CT scan, magnetic resonance imaging (MRI), or biopsy. The last follow-up date was determined by the patient\'s final visit to the hospital. Mortality status and date of death were assessed by chart review, issuance of a death certificate, or from the database of the MicroData Integrated Service provided by Statistics Korea.

2.4. Statistical analysis
-------------------------

The baseline characteristics of the patients were presented as medians with interquartile ranges or frequencies (percentages), as appropriate. The prevalence of diabetes, HTN, and NAFLD were compared using Pearson\'s chi-square test, and the Mann--Whitney *U* test was used for age, body mass index (BMI), and laboratory data. For the analyses of overall survival, recurrence-free survival, and cumulative incidence, Kaplan--Meier curves were used and the results were compared by log-rank test. To identify the significant prognostic factors for overall survival and recurrence-free survival, we used univariate and multivariate Cox\'s regression analyses.

Propensity score matching (PSM) was used in the analysis of the prevalence of NAFLD in the breast cancer patient group and the control group. Several variables showing a significant difference between breast cancer patients and controls were assigned to PSM with logistic regression.

All statistical analyses were performed using SPSS version 24 (SPSS, Inc., Chicago, IL, USA). All reported *p* values were two-tailed, and *P* value \< .05 was considered to be statistically significant.

3. Results
==========

3.1. Baseline characteristics and prevalence of NAFLD
-----------------------------------------------------

After excluding patients with other accompanying malignancies, unverifiable liver or spleen HU, and chronic liver diseases including chronic hepatitis B, chronic hepatitis C, autoimmune hepatitis, excessive alcohol consumption, and liver cirrhosis, we examined a total of 1587 patients with breast cancer were who diagnosed and treated at the Korea University Guro hospital between January 2007 and June 2017 (Supplemental Fig. 1). We compared the prevalence of NAFLD in breast cancer patients with that in 123 controls who underwent an abdominal CT scan as part of a routine health checkup at the Korea University Guro Hospital over the same period. Baseline characteristics are shown Table [1](#T1){ref-type="table"}. Age, HTN prevalence, and levels of hemoglobin, AST, ALT, total bilirubin, albumin, BUN, glucose, and cholesterol significantly differed between the control group and the breast cancer group. In breast cancer patients, the prevalence of NAFLD was 15.8% (251 of 1587) and it was significantly higher than in the control group (8.9%, 11 of 123) (*P* = .036) (Fig. [1](#F1){ref-type="fig"}A).
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Baseline characteristics.
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Because there were significant differences in several factors between the control group and the breast cancer patients, we matched the two groups using PSM in order to adjust for age, HTN, hemoglobin, AST, ALT, total bilirubin, albumin, BUN, glucose, and cholesterol. According to PSM, 123 breast cancer patients and 123 controls were matched (Table [1](#T1){ref-type="table"}). Following PSM, there was no remaining significant difference in any of the variables. The difference in NAFLD prevalence was still significant between the control group (8.9%, 11/123) and the breast cancer patients (17.9%, 22/123) (*P* = .040) (Fig. [1](#F1){ref-type="fig"}B).

3.2. Overall survival was not influenced by the presence of NAFLD in patients with breast cancer
------------------------------------------------------------------------------------------------

Next, we compared the overall survival of breast cancer patients with NAFLD and those without NAFLD. During the 120-month follow-up period, overall survival did not significantly differ between the NAFLD group (251 patients) and the non-NAFLD group (1336 patients) (*P* = .304 by log-rank test) (Fig. [2](#F2){ref-type="fig"}A). The median follow-up durations were 39.8 months in the non-NAFLD group and 34.5 months in the NAFLD group. There were 77 deaths in the non-NAFLD group and 18 deaths in the NAFLD group during the follow-up period. The 5-year survival rate was similar between the NAFLD group (90.2%) and the non-NAFLD group (93.0%). The NAFLD group showed a significantly higher age, BMI, and prevalence of diabetes and HTN than did the non-NAFLD group (Supplemental Table 1). The levels of hemoglobin, platelets, AST, ALT, ALP, PT, and glucose also significantly differed between the two groups. In terms of cancer characteristics, the distributions of cancer stages also showed significant differences. The expression of ER, progesterone receptor (PR), and HER2 did not show significant difference between the NAFLD group and the non-NAFLD group. Non-NAFLD patients received more tamoxifen treatment than NAFLD patients.

![Kaplan--Meier curves for overall survival (A) and recurrence-free survival (B).](medi-98-e17277-g003){#F2}

In univariate analysis, age, presence of diabetes and HTN, levels of hemoglobin, platelet, AST, ALP, albumin, PT, BUN, glucose, CA 15-3, tumor stage, and endocrine therapy had higher hazard ratios (HR) for survival (Supplemental Table 2). In multivariate analysis, age (HR 1.035, 95% CI 1.010--1.061; *P* = .005), presence of DM (HR 1.917, 95% CI 1.018--3.609; *P* = .044), platelets (HR 1.003, 95% CI 1.000--1.006; *P* = .039), cancer stage (*P* \< .001), and endocrine therapy (*P* \< .001) were all related to survival.

3.3. Breast cancer patients with NAFLD had more frequent recurrence than those with non-NAFLD after curative surgery
--------------------------------------------------------------------------------------------------------------------

Among the 1496 patients with breast cancer that received curative surgery, 235 patients had NAFLD whereas 1261 patients did not. Demographic characteristics, laboratory data, and tumor characteristics showed some differences between the two groups (Supplemental Table 1). Recurrence-free survival was significantly higher in the non-NAFLD group compared than in the NAFLD group (*P* = .009 by log-rank test) (Fig. [2](#F2){ref-type="fig"}B). The median follow-up durations were 38.0 months in the non-NAFLD group and 31.8 months in the NAFLD group. During the follow-up period, there were 106 recurrences in the non-NAFLD group and 31 recurrences in the NAFLD group. Five-year recurrence rate was higher in the NAFLD group (20.4%) than in the non-NAFLD group (11.2%).

According to univariate analysis, albumin, CA 15-3, cancer stage, endocrine therapy, and presence of NAFLD were all significant factors for recurrence after curative surgery (Table [2](#T2){ref-type="table"}). Multivariate analysis included diabetes, levels of hemoglobin, platelet, ALP, albumin, CA 15-3 expression, cancer stage, endocrine therapy, and presence of NAFLD. Of these, albumin (HR 0.380, 95% CI 0.188--0.768; *P* = .007), cancer stage (*P* \< .001), endocrine therapy (*P* \< .001), and presence of NAFLD (HR 1.581, 95% CI 1.038--2.410; *P* = .033) were significant factors for recurrence after curative surgery (Table [2](#T2){ref-type="table"}).
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Univariate and multivariate analyses for recurrence.
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3.4. Endocrine therapy, especially tamoxifen, induced significant liver injury
------------------------------------------------------------------------------

Next, we analyzed the cumulative incidence of significant liver injury in breast cancer patients during endocrine treatment. The NAFLD group had an increased cumulative incidence of significant liver injury compared to the non-NAFLD group (*P* \< .001 by log-rank test) (Fig. [3](#F3){ref-type="fig"}A). When we stratified patients into two groups as the tamoxifen-treated group and the other drug-treated group, NAFLD patients showed an increased incidence of significant liver injury in both groups (Fig. [3](#F3){ref-type="fig"}B and C). When we compared the incidence of significant liver injury between tamoxifen-treated patients with NAFLD and other drug-treated patients with NAFLD, the cumulative incidence of significant liver injury increased in the tamoxifen-treated group compared with the other drug-treated group (*P* \< .001 by log-rank test) (Fig. [3](#F3){ref-type="fig"}D). Of the 62 total patients with significant liver injury during endocrine treatment, 37 patients suspended endocrine therapy and only seven discontinued endocrine therapy permanently. In the 37 patients who had their endocrine treatment interrupted, only three patients experienced recurrence of breast cancer.
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4. Discussion
=============

Advances in imaging technology and treatment modalities for breast cancer have led to reductions in mortality in patients with breast cancer. However, breast cancer is still the most frequent cancer and a main cause of mortality in women.^\[[@R6]\]^ NAFLD is also a disease in which prevalence is rapidly increasing worldwide.^\[[@R18]\]^ Therefore, the prevalence of breast cancer and NAFLD are likely closely related, and NAFLD may represent an important factor in the development or outcomes of breast cancer. In this large-scale, retrospective cohort study, we found that NAFLD is very frequent in patients with breast cancer and is related to a higher recurrence after curative surgery.

Some studies have previously reported a high prevalence of NAFLD in patients with breast cancer. However, the small number of patients enrolled in these studies limited the strength of these findings.^\[[@R12],[@R13]\]^ In this study, we evaluated 1587 newly diagnosed breast cancer patients and compared the prevalence of NAFLD between these patients and healthy controls over the same period. The prevalence of NAFLD was found significantly higher in patients with breast cancer than in healthy controls. Moreover, this significance was maintained after PSM. Several metabolic diseases are related to the development of NAFLD, such as obesity, diabetes, and HTN.^\[[@R1]\]^ Because breast cancer is also known to be associated with obesity and diabetes, it is plausible that the prevalence of NAFLD is increased in patients with breast cancer.

Although liver biopsy is the gold standard for diagnosis of NAFLD, there are several limitations to perform liver biopsy in all patients with suspected NAFLD, such as cost, inconvenience, sampling error, inter- and intra-observer variability, and invasiveness.^\[[@R19]\]^ There have been many attempts to evaluate hepatic steatosis through imaging studies including sonography, CT scan, and MRI.^\[[@R20]\]^ Among them, CT scan evaluates hepatic steatosis using HU and is a more objective method for measuring hepatic steatosis than sonography, which is operator dependent.^\[[@R21],[@R22]\]^ Because all breast cancer patients routinely underwent CT scan for staging work-up, it is optimized for the evaluation of hepatic steatosis in patients with breast cancer. Herein, NAFLD was diagnosed when the mean attenuation of the liver was lower than 40 HU or 10 HU lower than that of the spleen.^\[[@R23],[@R24]\]^ The major limitation of this method is the low accuracy in the diagnosis of mild hepatic steatosis,^\[[@R24]\]^ thus, the prevalence of NAFLD in our control group (8.9%) was lower than the global prevalence (25.24%).^\[[@R1]\]^ Boyce et al reported a 6.9% prevalence of hepatic steatosis using CT, determined as liver attenuation ≤40 HU.^\[[@R25]\]^ More accurate methods are needed in order to identify mild steatosis in further study.

NAFLD is associated with many other non-liver-related diseases as it is not only a risk factor for obesity, type 2 diabetes, dyslipidemia, metabolic syndrome, and polycystic ovary syndrome, but also associated with other adverse outcomes including cardiovascular disease and extra hepatic cancer.^\[[@R26]\]^ Long-term outcomes of NAFLD patients have been reported to be poor, showing lower overall survival, and elevating liver-related mortality and other comorbidities.^\[[@R3]\]^ Rosato et al reported that metabolic syndrome significantly increased the risk of breast cancer in postmenopausal women.^\[[@R27]\]^ Although that study did not analyze the risk of breast cancer according to the presence of NAFLD, other metabolic components, including obesity, diabetes, hypertension, and waist circumference ≥88 cm, increased the risk of breast cancer, meaning that the correlation between breast cancer and NAFLD could be suggested from its findings. Cancer development in patients with NAFLD may be associated with a bidirectional interaction between NAFLD and metabolic syndrome, although the exact mechanism of this interaction remains unclear.^\[[@R5]\]^ A more recent study reported that sonography-diagnosed NAFLD was associated with the development of breast cancer in women.^\[[@R28]\]^ Our results showed a significantly increased prevalence of NALFD in patients with breast cancer compared to healthy controls. Therefore, NALFD is considered a risk factor for the development of breast cancer and one of the more common comorbidities in patients with breast cancer.

Berrino et al reported that metabolic syndrome is an important prognostic factor in patients with breast cancer.^\[[@R29]\]^ A number of metabolic syndrome components have been associated with breast cancer recurrence, particularly hypertriglyceridemia and low HDL. Our study also found that NAFLD is a significant prognostic factor of the recurrence of breast cancer after curative surgery, although it was not a significant factor in overall survival. This inconsistency might be due to the close surveillance of breast cancer recurrence after surgery and the advancement of imaging modalities. Indeed, most patients with recurrence had undergone curative resection, and some patients had undergone surgery three times. Nevertheless, NAFLD patients showed a tendency of lower overall survival than non-NAFLD patients without statistical significance. Therefore, breast cancer patients with NAFLD might require more careful surveillance for recurrence after surgery than do those with no evidence of NAFLD.

Endocrine therapy is a major treatment modality of ER-positive cancer.^\[[@R14]\]^ In patients with ER-positive tumors, 5-year treatment of tamoxifen or an aromatase inhibitor significantly increased overall survival and reduced recurrence after surgery in patients with early stage breast cancer.^\[[@R30]\]^ However, tamoxifen is associated with other side effects including endometrial cancer, pulmonary embolism, deep vein thrombosis, hot flushes, and hepatic steatosis.^\[[@R15]\]^ Tamoxifen induces or aggravates hepatic fatty liver by elevating serum triglycerides, interfering with β-oxidation, and suppressing estrogen synthesis.^\[[@R15]\]^ In this study, 1496 breast cancer patients were treated with surgery, and of these, 1102 patients received endocrine therapy after surgery, consisting of 524 patients treated with tamoxifen and 578 treated with other drugs. Among these 1102 patients, 62 patients experienced significant liver injury during endocrine treatment. Significant liver injury was more frequent in patients with NAFLD. Among patients with NAFLD, tamoxifen significantly increased the risk of transaminase elevation compared to other endocrine drugs. Therefore, more attention should be paid to transaminase abnormalities in patients with NAFLD undergoing endocrine treatment, especially in the case of tamoxifen treatment. However, most patients that experienced significant liver injury temporarily discontinued endocrine treatment in response. Of these 37 patients who discontinued endocrine therapy due to significant liver injury, breast cancer recurred in only three patients. This finding indicates that short term interruption of endocrine therapy is not a significant factor for breast cancer recurrence.

This study has several limitations. A major limitation is that this is retrospective study, which may lead to a lack of information regarding medical history and laboratory data. However, most breast cancer patients were admitted to the hospital repeatedly and their medical records were sufficiently detailed. We also conducted an extensive review of patient medical charts in order to ensure that there were no missing records. Secondly, there is a possibility that underling liver disease may have induced hepatic steatosis. To avoid this bias, we excluded patients with underlying liver disease, especially patients with a history of alcohol abuse, using records from both doctors and a nurses. Finally, hepatic steatosis was evaluated through CT scanning, which may be slightly inaccurate in the mild stage of steatosis. In future studies, more accurate assessment methods should be preferred, such as controlled attenuation parameters, MRI-estimated proton density fat fraction, and MR spectroscopy.

In conclusion, the prevalence of NAFLD is significantly higher in breast cancer patients than in healthy controls. Moreover, the co-existence of NALFD in patients with breast cancer may be an important prognostic factor for tumor recurrence after curative surgery. Although it is hard to reach a definitive conclusion on the basis of the present results, interdisciplinary expertise should be considered to determine the presence of NAFLD in patients with breast cancer. In addition, patients with NAFLD needed stricter evaluation of recurrence and management of metabolic syndrome. Further studies regarding therapeutic interventions are necessary to improve prognosis in breast cancer patients with NAFLD.
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